Introduction
Zirconium based alloys are widely used as cladding material for fuel rods of water-cooled nuclear reactors because of their low neutron capture cross-section, good corrosion resistance in operating conditions and satisfying mechanical properties. The first family of zirconium based alloys is the Zircaloys, starting with Zircaloy-1, a sponge zirconium containing 1.5 mass% Sn. Tin was added to eliminate the negative effect of nitrogen. This element increases the strength but reduces the corrosion resistance [1] . A hazardous pollution of a Zircaloy-1 with an austenitic stainless steel (18% Cr and 8% Ni) led to the alloy called Zircaloy-2 which contains 1.2-1.7 mass% of Sn, 0.07-0.2 mass% Fe, 0.05-0.15 mass% Cr, 0.09-0.16 mass% O and 0.03-0.08 mass% Ni. Chromium and iron improve the corrosion resistance in water and steam, and the nickel improves the corrosion resistance in steam [2] . The last alloy developed is the Zircaloy-4 which does not contain any nickel because of its detrimental role in the hydrogen absorption [3] .
Numerous studies in the last decades were performed to develop these alloys and to elucidate their particular corrosion kinetic behaviours [4] . For the first kinetic regime called the pre-transition, it is generally assumed that the growth of the oxide during this stage is controlled by the diffusion of the oxygen through the oxide. The mass gain curve in this case corresponds to a sub-parabolic law [5] . After this period, an acceleration of the mass gain results in the change in the oxide morphology. This phenomenon is called kinetic transition. Finally the mass gain law tends to become linear.
The oxidation mechanism of Zircaloy-4 is not yet well understood. For a long time, studying the corrosion process of zirconium alloy in high temperature and high pressure conditions has been done by discontinuous measurements of the mass gain. To improve the understanding of this corrosion process it is of great interest to perform at high pressure steam in situ measurements. Recently, we designed and built a new experimental device, based on a Rubotherm magnetic suspension balance, that allows to access continuously to the mass gain during the oxidation of zirconium based alloys in pure water vapour under high pressure. In this paper, experimental installation will be presented in first place and its principle will be detailed. Secondly, the qualifications tests will be described and analyzed.
Previously, some classical thermogravimetric microbalance tests on zirconium alloys were carried out but only at low partial pressure [6, 7] . For high pressure, the corrosion experiments performed in autoclaves consist of discontinuous mass gain measurements at different oxidation time. The only way to follow in situ the mass gain in these extreme conditions is to separate the balance and the measurement cell, from the corrosive medium and to couple magnetically the balance to the sample as proposed by Gast in 1959 [8, 9] . The fuel claddings in the Pressurised Water Reactor are corroded in water at high temperature and high pressure. The technical device ableto follow continuously the corrosion rate in conditions close to this medium does not yet exist. That is the reason why a high pressure thermogravimetric installation based on magnetic suspension has been designed to study in situ the oxidation kinetics of the zirconium based alloys under water vapour until 50 bars of pressure at 415°C. The accuracy of measurements is about 5·10 -5 g under 2 bars, and 10 -4 g under 50 bars. The reproducibility of measurements was verified and the deviation regarding post test weighing at room temperature is around 5·10
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-5 g what is clearly satisfying. Finally, the results presented in this work allow validating the high pressure thermogravimetric measurements obtained with this magnetic suspension device.
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Experimental
As described in Fig. 1 the high pressure water vapour device is made up of different parts:
Steam generator
The steam generator consists of a one-liter autoclave connected to different atmospheres, inert gas (helium or argon), mixed helium-oxygen at 20% and diluted hydrogen at 3% in helium. The temperature, the hydrogen partial pressure and the whole pressure are controlled by thermocouples and pressure sensors. With this autoclave 150 bars of pure water vapour can be generated (maximal pressure of the Magnetic Suspension Balance (MSB)).
Heating system
The oxidation experiments are done around 400-450°C under high pressure steam. A three-zone furnace guarantees an isothermal zone of about 12 cm, covering the entire surface of tested samples (2·10 cm). Heating collars surrounding the different connecting tubes (reaching 400°C) allow to avoid condensation. They are regulated to be always over the water liquid-vapour equilibrium temperature.
Magnetic suspension balance
Developed by RUBOTHERM and based on a magnetic coupling system, the magnetic suspension balance is composed of:
• the microbalance (accuracy of 10 -5 g); • the electromagnet; • the magnetic suspension composed of a permanent magnet, a sensor core and a coupling cone; • the coupling house at which the sample is hung via a platinum wire.
The electromagnet is suspended to the microbalance, and maintains in levitation the magnetic suspension. As shown on The succession of the two positions (ZP-MP) leads to in situ acquirement of the mass gain.
Thermostating circuit
As described in the Fig. 1 , two thermostating circuits are used in this experiment. In the first one, a special high temperature oil flows inside the double wall chamber that allows to maintain the temperature up to 315°C in this part of the device and thus to avoid the water condensation. The second circuit is a cooling one; liquid water at 15°C flows inside a cooler diaphragm placed underneath the microbalance limiting the temperature in the microbalance. The circulation of the cold water is performed by a cryothermostat.
Pressure and temperature sensors
A two points temperature sensor is localised underneath the sample. These thermocouples allow the acquisition of two temperatures near the sample (the points are 5 cm apart). The temperature of the double wall chamber is controlled by an external thermocouple. DALI et al. 
